Introduction
Upconversion (UC) luminescence materials are luminescent materials that can convert a near-infrared excitation into a visible emission through lanthanide doping.
1 These materials have attracted extensive interest in the past decade because of their unique features, such as high photochemical stability, narrow emission bandwidths, and large anti-Stokes shis, making them useful in optical communication, lasers, sensors, biomedical analyses and so on. 
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Temperature-sensitive luminescence materials can provide a non-contact measurement to detect the temperature by probing the dependence of emission intensities on temperature.
14 We can make the calibration by analyzing the changes on the relative emission intensities when the temperature of the samples increase. The measurement conditions and time exposure can be simple and convenient by this uorescence intensity ratio (FIR) technique compared with common temperature monitoring devices. [15] [16] [17] Aer all the ingredients were fully mixed evenly, the mixtures were placed into a corundum crucible and then put into a SiC rods furnace to be heated to 1510 C for 4 h. Finally, aer calcination, the samples were cooled down to room temperature in the furnace and ground into powders for further use.
Characterization
We use a Bruker D2 PHASER X-ray diffractometer with graphite monochromator using Cu Ka radiation (l ¼ 1.54184 A) to determine the structure purity by X-ray powder diffraction (XRD). And the test conditions are 30 kV and 15 mA with a scanning step of 0.02 in the 2q range from 10 to 80 .The morphologies of the prepared samples were inspected by a thermal eld emission scanning electron microscopy (FESEM, TESCAN, MIRA3 XMU). The UC luminescence spectra were measured by using a 980 nm laser diode as the excitation source, with the HORIBA Jobin Yvon Fluorlog-3 Spectro uo-rometer system.
Results and discussion
3.1. Structure and morphology 5 . The HRTEM and FFT images demonstrate that the as prepared sample has a tetragonal crystal structure, which is the same as the XRD result.
As a typical sample the SEM image of the GdSr 2 AlO 5 :6%Yb 3+ / 1%Er 3+ is shown in Fig. 3 . It can been nd that some of these particles were reunited and the grains have irregular blocky particle shapes with sizes around 5 mm. And the SEM image of the GdSr 2 AlO 5 host is show in Fig. S1 , † which is almost the same as Fig. 3 . Fig. 4 Generally speaking, the absorption can be improved by increasing the doping concentration of the lanthanide ions in the material. But non-radiative multi-phonon relaxation can occur, and the process of cross-relaxation severely limits the range of useful dopant concentrations. Non-radiative multiphonon relaxation rate between energy levels is another important factor that dictates the population of intermediate Additional, we added the upconversion luminescence spectra of Yb and Er doped samples in order to prove the existence of the energy transfer between Yb and Er. From Fig. S2 † we can nd that the intensity for the upconversion luminescence of Yb, Er co-doped sample is much higher than the singly doped samples. This can be the evidence of the energy transfer between Yb and Er.
These changes of UC luminescence intensity also means the successful incorporation of Yb 3+ and Er 3+ into the GdSr 2 AlO 5 host. To get a better understanding of the UC luminescence mechanism, the power-dependent UC luminescence properties were studied. In any unsaturated UC process, it is generally considered that the visible emission intensity (I up ) increases regularly according to the pumping power (P) (seen Fig. 6 ). From the UC luminescence spectra of the prepared Yb 3+ /Er 3+ codoped GdSr 2 AlO 5 under the excitation of a 980 nm diode laser at different pumping powers (100-500 mW cm À2 ), we can easily nd the intensity continued to increase as the pumping power increased.
The relationship between the intensity of UC luminescence I up and the pump power P can be written as:
where N is the order of multiphoton transitions, the number of infrared quanta absorbed per photon emission. From the inset in Fig. 5 Boltzmann constant and T is the temperature (in K). Fig. 8b shows the change of the R for the emission bands centered at 527 nm and 549 nm as a function of the inverse absolute temperature on a monolog scale. The linear behavior of the curve shows the applicability of the material for temperature sensing applications. 34 The ln R as a function of 1/T is perfectly tted to a linear equation with the slope of À1189.2 and use the eqn (2) the C can be calculated. Thus, the expression of R could be determined as R ¼ 12.395 exp(À1189.2/T) (see Fig. 8c ). Furthermore, understanding the rate at which the measured temperature-sensitive parameter varies for a certain change in temperature is signicance for temperature sensing applications. Hence the sensor sensitivity can be written as:
Here the symbols have their usual meanings. The sensor sensitivity was calculated by this equation and it was plot ted in Fig. 8d . Impressively, the sensitivity increases gradually as the temperature rise from 293 K to 473 K, and reached the peak at about 0.0054 K À1 at 473 K. The UC emission intensity is quite stable up to the measured temperature at 473 K, which suggests it may be suitable at higher temperatures as well. However as a lack of available devices the research at higher temperature could not be furthered done. Therefore, this study reveals that the GdSr 2 AlO 5 host is a good material for UC-based temperature sensors.
Besides the dependence of the R(I red /I green )ratio on temperature, the effect of temperature on the ratio of red and green emissions (R/G) were also observed. Fig. 9a shows the relationship between temperature and the R/G ratio. Evidently, the R/G ratio tends to decreases with the increase of the temperature. So the emission color of the sample could be changed by controlling the temperature. In order to insight the relationship between emission color of the sample and temperature more clearly, the CIE 1931 coordinates of the prepared GdSr 2 AlO 5 :6% Yb 3+ ,1%Er 3+ micro-particles in the range of temperatures 293-473 K were calculated from the recorded UC luminescence spectra and the corresponding results are shown in the CIE 1931 coordinates diagram in Fig. 9b . It can be seen that the UC emission color can be changed from yellow to green as the rise of temperature, this means a decrease tendency of the emission intensity ratio of red and green emissions can been observed with the increase of temperature. This is the same as the result shows in Fig. 9a this host could be also adopted as safety sign in high temperature environment as well as optical thermograph. 
Conclusions
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